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Fig 1.—Interior view of a potash refinery. Shown are 
flotation cells (center, background), centrifuge 
center, foreground), and surge tank (center tank 
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Fig. 2—Simplified flow diagram of potash refinery. Since each 
producer employs a sufficiently different concentration process to 
make generalization difficult, the process shown is approximate. 


eastern New Mexico. They are producing crude ore at a rate 
§ OOO OOO tons a year. 
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oxvven, plastic Ss, LElLeVISIO! ibe ~ ewave treatment paper s0ap ‘ 
pharmaceuticals, including antibiotics. Caustic potash (potassium 
is used in vat dyes for dyeing rug ind draperi Potash is used in a 
batteries, and in higl qua yY vila enanm irtilicial vems ert 
plosives, and pottery 

It is also used as a catalyst in making high-octane yasoline, for ma 
ing matches, and disinfectants. It is used in numerous processe 
etching, leather tanning, printing, lithography, recovery of metals fron 


ore, tempering of meta pickling foods, and waterprooting fabri 


indeed one of our most vital mineral 


The potash industry as we know it today tarted with the disco 
development of Permian-age mineral deposits in Germany in 1865 
those later discovered in the Carlsbad area). The German potash indu 


the sole source of this vital mineral for American agriculture and u 


to the outbreak of World War I, when a search was initiated for po 
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geologically similar to those ¢ 


! europe and lovically dire ted the 


ible 


sources in the United States. The Permian basin depo it in the Sout! 


potassium to this area. Although exploratory core drilling was carried 


the | S. Geological Survey, the tirst commercial depo ii Wa 
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1925 by the Snowden and McSweeney Company, which was exploring 


east of Carlsbad Subseque nt drilling has delineated large deposit 


potassium salts. The principal potash bearing material found wa 


(a mixture of potassium chloride and sodium chloride), the raw ore { 


Carlsbad potash is produced 


Asa result of the discovery, the United States Potash ¢ ompany ™ 


to develop the deposit Today there are live compante operating 





NOVEMBER, 1956 





ol 


i 


0 


machines 
ers (background 












A typical headframe over 


a mine shaft, where ore 
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Fig. 3—Flotation concentrate is filtered with centrifuge 


transported by conveyors to large dry 
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The discovery of a major depo it of pot ish ore in the desert area of southeaster 


New Mexico |} 1925 presented a combined challenge to the mu wand electrical indu 
trie Here 750 to 1800 feet below the irface of a desolate vindblow desert 


bountiful supply of much-needed material. Shafts had to be sunk, the ore mined, tran 


ported to the foot of the shaft hoisted to the urlace ind proce ed to produce i 


commercially attractive product. Energy, and plenty of it, was required to economically 


erfiorm these tash The convenience, economy, and safety of electrical energy com 
elled it ( 

\ major factor in the de in ol the electrica ystem thie two-lacet electrica 
iture of potash ore. When dry it is non-conductive, non-corrosive, and being crystalline 

ature can be easily cleaned from equipment by blowing. However, the ore is hygro 
COpl and, once mol t. become hot conductive ind Gorro ( | de ol 

haracter’’ remains quiescent for long periods in t] irid location, but strike idden| 
vhen severe atmospheric changes occur or proce ng equipment leaks deve op. There 
fore, electrical equipment must be a equate \ protected ind Kept clean to prevent 
grounds and short circuits, with consequent loss of production 


Plant Distribution 


A man ubstation 1 provided b the electri it I to tra lorm incoming electrica 
energy trom 609 ky to 2400 or 4160 volt ind, in a few } tance to 12.4/ } for plant 
~¢ Power l dij tributed to the hoisting and proce | r equipme t top cle mad 
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be run above ground to sucl ft, or to a bore hole, and a high-voltage cable run 
Shuttle car unloading underground at t + my ‘ aver f these upply feeders can be tied together to 
into dumping pocket ‘ . 
form an underground primar listribution network’, thus achieving a high cde yre¢ 
of protection ag outages caused by faults on the primary distribution system 
For certain electri oad mtinuity of service is extremely critical. To serve 
these load in emeryven ection of the main bus ts established. This section is con 
nected to the ma bus during normal operation through a bus-tie circuit breaker 
However, during main-bus power failure, the tie breaker ts opened and the emergency 
bus section energized from local auxillary generating equipment The emergency bus 
restores electrical energy quickly to at least one of the mine hoists and such critical items 
as ventilating-lar pump sy tem In certain ore proces Ing equipment, such as classifiers 














and thickeners, power outage in result in solidification of the material requiring 
Power center in a refinery costly a wedure Such loads are also pla ed on the emergency bu 
Energy received from the power plant bus is transformed to either 440 or 220 volt 
An underground substation ' 
for motor-drive machinery. The transformation is frequently performed by power 
Underground portable mine center unitized coml itio of high-voltage breakers or switching equipment, 
power center transiormers Of appropriate cCapactit nd low-voltage switchgear for distributing thie 
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High-voltage protectior onsists of either high-voltage circuit breakers, fused or 
unfused load-break disconnect tche fused or unfused magnetizing current-break 
switche or a coml il ol bot switche and breakers. Switches are mounted in a 
cubicle integral with the power center, circuit breakers in matching cubicles 

Low-voltage circuit protectio ind vitching equipmeé nt 1s pl vsically ocated on 
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Instruments play a vital role in the generation and dis 
tribution of power, as evidenced by this bank of meters 
at the Elrama Station of the Duquesne Light Company. 
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Recording Instruments 













' el eeded for a ba frequency, (6) the scale New dire icling recording instruments (Type 44) have 
eur ' over the et! re ranye ind j ine nece peen deve ped to meet the increasing demand for a versatile, 
ockiny ol mechanisn sed ¢ yh qu ind compact design. This includes three com 
re f eter eliminated plete nev trument mechanism l permanent-magnet, 
( t wi | Iwo parallel off-reso ( moving-coil mechanism for d-c rectifier type, and transducer 
ef yved: ( is an inductance, capa me irement 2) attraction iron-vane mechanism for alter 
‘ ‘ ( re eT re her connecter ) i , current and voltages and (3 Iron-core electro 
‘ e re fie on. One leg of the parallel circu dynamic mechanism for wattmeters and varmeters 
r re ce belo e scale at approximate }% Moveme torques developed by these elements are far in 
‘ ' er circu liusted for resonance above ( EXC of the usual values. Whereas conventional recording 
f ( ) ‘ Phe current-frequency re rume operate with movement torques as low as 50 
‘ ' ow! hig. 3b. A d-c instrume centimeter-gram measured on the basis of 360-degree de 
re ‘ ere ein curret A he null or balance point lectio the new mechanism operates between 150 and 160 
re ‘ ‘ er ofl ( ‘ ‘ Actually. the nu point ) cmy. TI permit an exchange ol the excess torque-producing 
ed (A) » 6) ovoele dey. ling on the ranye © that al y for reduced instrument temperatures and burdens 

























‘ ‘ ' de-enervized. the poll ter rests of? the 00 ly creased operating torque also makes possible two other 
( e or e-frequet point mportant features—rugged movements that will withstand 
Differs freque rane ire obtained by using ve ea duty use, and improved response time from over one 
flere ' ( ra 50- to 70-cycle range econd to less than *4 second. The latter improvement, how 
ente ‘ () ' umpere d nstrument used w ever. accentuated the problem of continuity of pen inking on 
erie ‘ ince of about 6000 ohn Different values of re detlections across the chart. In former designs with relatively 
‘ re ei lor otherr rf (Calibration 1s obta ed py ov trument response time and pen travel, the pen had 
© series re e to match transducer out) e tendency to skip on the chart. A newly-designed pen 
| of tl | 1, the d-c output 1 influenced by me inism Wa required to prevent skipping at the increased 
( ‘ ollavge except at the centra point where the 1 peed The writing pen 1s mounted on knife-edges near 
0 ‘ ero. To make e entire scale independ the front of the recorder and is designed so that its center of 
i é re, a Saturatior pe regulator hold oltaye yravil ibove the knife edges. On a quick swing of the pen 
er a ranve of 100 to 130 volts in line voltage irm, the centrifugal force acting on the center of gravity of 
hour | ransducer ul re made for these frequen the pen develops a torque that makes the pen tip press down 
meter wr OF « ( 1 commercial unit and a H we on the paper with greater than normal pressure. Thus, the 
ert ve &-O2 to 0-0 cycle lor 400 cycle i laster the pen moves, the greater the pen lip pressure lor 
Fig. 3a Fig. 3b 
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FREQUENCY -CYCLES 


Fig. 3 (a) Frequency transducer circuit converts frequency to d-c 
voltage. (b) Variation of branch currents with frequency change 
Photo) Frequency transducer circuit is adjusted for use with a d-c 
milliammeter, which has been calibrated to read frequency in cycles 
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Skilled technicians assemble instru- 
ments with watch-like precision. 
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coil mechanism 


(a) Fundamental principle 
permanent-magnet moving- 


Flux produced by 


current in coil acts in magnetic 
field to produce torque. (b) Mod- 
ern magnetic circuit of perma- 


nent-magnet, moving-coil mech- 
anism lamination 


and adjustable calibration shunts. 


uses one-piece 
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Fig. 5 (a 
nism for alternating voltage and current measurements 


Magnetic circuit of attraction-iron mecha 


(b) Torque-producing ability curves of attraction-iron 


mechanism for various turns. From. these 


curves, scale distribution, 
and saturation 
scale distribution. (d 


ampere 
operating torque gradient 
Typical 


characteristics are derived. (c 


Saturation characteristic curve 





20 milligrams, which is only half the pen-tip pressure 
lor continuous 1 


) 
ne-coul Mechanism—For the 


Mo pern mnent-maynet, mo 
ing-coll mechanism, fu ise was made ol the high ar fap 
possible with Alnico-\ maynel lull-scale SENSI 
been increased from 0.02 watt for previous designs to 0.002 
walt tor the new standard hig! lorque design. Tl mace 
possible recording-ammeter operation from 50-millivolt shut 


instead of the previous 100-millivolt ut voltmeter 


with 1000-ohms-per-volt| sensitivity. For high sensits 


applications, the power consumption can be reduced to 0.001 


watt by reducing the spring torque, and air-gap tlux can be 
| | | 


increased by eliminating the magnetic adjusters 


The most novel feature of the de 


piece laminations lor the air gap, core, and pole-piece regio 
of the magnetic circuit, Fig. 4b. These laminations are ea 
manutactured to a high degree of accurac assuring col 


alr-gap flux an 
The ae 


sembly without di 


sistent uniformity and 


resultant linear scale distribution Ivy) also 


removal of the moving-coll a 


yap flux. In conventional designs, this operation usually re 


quires removal of a portion of the magnetic circuit with a 


resultant loss ol alr yap flux Oo that the magnet must be 
remagnetized after re-assembly 

Another feature of the new design is the magnetic shunt 
which can be adjusted over a ranye of 1) percent t! cal 
be used to modify « ilibration or toaccommodate a wide ranye 


ead lengths 
VUechanism 


lor the mechanism u 


Phe attract iron 


sed 


IM pric 


{//raclion-iron ion 


principl 
ol operation was selected lor 


voltmeters and ammeters because of inherent 


and high Over 


high magnetic efficiency, general performance 
load « ipacily both thermal and mechanica The arra ( 
ment of the magnetic circu | rated schematica 
hig a. It con Is ol one-plece or nd one piece rotor 
laminat on With the oper ct pre ) land Ipope | 
into the tator 

Ther wnetic ellici olamo ron mechanisi ( 
fined as the difference o ( ( e ati ie dette 
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percent the new mecha I i in ethcienc ol perce 
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I ee ee bs Lo rool pact i costly factor in electric uth 
eC! \s generation and distribution facilities expand 

Fig. 6b more re space 1s required for instrumentation facilitie 
a . ( onseque miniaturization has been employed whereve! 

f he 250-degree, tull-view face makes smaller ‘ 

ble w increased scale length and readability. Insts 

( ar Cl ive made service and maintenance oper 

ments Casicl! by Pproy ding more convent 

a { lor exan pi | tivity and scale-distributio 
idjust! ( ( struments are made from the 

iro y ( rument simply by removing the cover and d 

3 L } er ( yperatior on recording equipment ucn < 
| re-rolling the chart, or cleaning and servicing the 

“d / } ! em are quickly performed. A high level of per 

rma ( I mplicity of operation and maintenance a sure 
if / ! ( ( rement ind records of tem operations * 
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Fig. 6— (a) Principle of dyna 
mometer movement. Torque 











Fig. 6c Fig. 6d 
produced is proportional to prod 
a uct of current in field coil and 
voltage across armature coil. (b) 
Vv | . . 2 
a MOVING \ UNITY POWER New magnetic structure for elec 
vy) ' cot at FACTOR trodynamic mechanism uses two 
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NEW LABORATORIES 


Modern Vehicle for Scientists 


\ moder esearch laboratory 
lor scientist 
sible This, in a 


i big order. In the complex 


completely iS 
eeds are not all simple 

Space-wise, the scientist mu 
idapted to his particular area of 

fle xibility as to size 
hould preferably be ‘ 

iter, common gases, electric power 
elements used in experiments. Also, special equipme! 
by allable for his use—devices such as electron microsco] 
i other ye! \ 1, and | 


mass spectrometers, diffraction cameras, and the 


tricate devices necessary to many experiments. M 


ore ote! When pres req 
than not, he must have specially built equipment to perform vices are proy 
in experiment; the means of constructing this equipment ide wa in island 
must be at hand. Sources of information must be | 
current and past research in his particular field itist 
must have places to meet with fellow scientist 
formation can be freely exchanged. He needs all iS, al ran experiment 
much more labor 
, these are relatively imple requirement 
bined they are sometimes more difficult to achie 
hen the laboratory 1s active in broad field 
branches of the same basic field, such a ‘ 
far different laboratory requirements 000 
However the importance of these requirement 
now deceptively imple, cannot be overlooked. For one t 
the pace ol re earch depends to a large degree on whet! 
not the nece arv ‘‘tools’”’ are available All of the too 
important, from the supply of oxygen piped to the 
iboratory to the most complicated « periment 
The new Westinghouse Research Laboratorie 
September, was designed to fulfill these requirer 
Laboratories are designed on a modular basi Ir 


module is the smallest repetitive unit of space 


pee ei 
*TSIIGTigees 


. Bib bbb bi b | 





‘ 
1—RESEARCH LIBRARY, an essential element to any 
well-equipped facility, contains some 30000 volumes 
and subscribes to some 500 periodicals, including many 


in foreign languages 


2 and 3—~MACHINE SHOP AND GLASS-BLOWING FA- 
CILITIES supply scientists’ needs for test apparatus 


4—AUDITORIUM has a seating capacity of 250, and 


complete facilities for movies and slides. Projection 


HEATING 


POWER 

—-- 

716 VOLTS. SINGLE PHASE 

716 VOLTS, THREE PHASE s POWER 

? vous WNOLE PHASE ~ , 

110 & 220 Vous O-« MECHANICAL 
SERVICES 


MECHANICAL SERVICES 


a 
HOT WATER NATURAL GA 
COLD water OXYGEN 
COMPRESSED AiR HYDROGEN 
VACUUM NITROGEN 


booth at left, out of picture, has equipment for 16 
and 35-mm film, as well as for slides. Behind the 
curtain on the stage are sliding panels containing black- 
boards; behind the sliding panels is the movie screen 


5—THIS PHYSICS LABORATORY is typical of the 
facilities at the new Research Laboratories. Even the 
relatively simple experimental set-ups shown here hint 
at variety of standard and special equipment needed. 


THIS LABORATORY MODULE is typical of those at 
the new laboratory. Several such modules can be com 
bined to form one large facility. Office and drafting 
spaces are also modular, of slightly different design 
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6—SPECIAL APPARATUS is typified 
by this laboratory-built high-tem- 
perature vacuum furnace. Experi- 
mental alloy in the furnace is heated 
to a temperature of 5000 degrees F. 
The furnace is used in a long-range 
program aimed at developing high- 
temperature alloys for the future. 
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New Developments 
at the Laboratories 


A test-pattern background 
silhouettes the Ebicon, a 
new type television camera 
tube being developed at 
the Westinghouse Re 
search Laboratories. The 
tube operates on a new 
principle of electron mul 
tiplication, and promises 
to be 100 times more sensi 
tive than the standard 


tube used in tv cameras 


Electroluminescence pro 
videsthelightinthisroom 
Watls and ceilings are 
made of panels no thicker 
than ordinary window 
glass, which provide light 
from man's newest source 
of artificial light 


This is Automex, a new 
“electronic brain’’ that 
can differentiate between 
right and wrong decisions 
and profit from its mis 
takes. Pictured is the set 
up of a problem analagous 
toa man trying toclimba 
mountain in total dark 
ness; the computer is re 
quired to get to the top ir 
the least number of steps 
and the shortest time 
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Fig. 1—A 220 000-kva, 161/17-kyv 
three-phase generator transformer 


loaded on railway car for shipment 


Fig. 2—The first of two 315 000-kva 
transformers for a midwestern util 
ity. This unit is a 129 17.3-kv, 


three-phase generator transformer 
























































Popay’s POWER transformers clearly reflect the 
growth In the use of electric powe! Records are being mace 


and broker Irequentiv in transtormer rating. Concurrently, 


new developmet ts are being introduced to expand the use 
fulness and simplify the applicator ot these mode! power! 


transtormer 


\t pre ent, ! oO Single tvpe ol cle on Tiiis the byl lor the om 


I 
plete range ol trat sformers nece il to meet modern require 
ments for power and distribution circuits. Therefore two 
basi de wns the shell-form and the core form have beet! 


applied to best advant we. lor ratings vreater than 15 000 


kva and for voltage higher than 138 kv, ell-lorm construc 
tion has many desirable feature for power tt formers 
from 250 kva through 15 000 kva and voltage rat throug! 
138 kv, experience has shown that core-torm constructio! 

most suitable. Con ider, then, some ot the recent develop 


ments In these basic types 


Developments in Shell-form Transformers 


Ava Rating \ phenomenal inere ise in translormer rating 
has characterized the last few years ind is still continu 
\ mere 10 years ago the first unit rated 100 000 kva was built 
Yet in 1952 several 190 000 kva units were constructed. By 
1954 the maximum rating had risen to 220 000 kva (Fig. 1 


In 1955 the first of two $15 OOO-kva venerator transtormer 


was shipped (See Fig. 2). Now on order are additional unit 


Fig. 4—One of the first 150 000-kva, 330-ky 


three-phase autotransformers, built in 1953 

intevrating the truct ri ( 
red ed eight | ( ( 

tability and structur ( 
have contributed re ‘ | 
rated nit po bole | ( ‘ 
eivnht 

The trend to larger (| tere ¢ 
by the economics inherent ( e unit Ose cyuce 
lower initial cost per | { { | 
lower operating cost bye ( ( ( i 1 
The C CCONnOME COUpIEs re 
thie erent relmabilit ( ‘ 
rreat iccelerated t ( r 





Fig. 3—Core and coils of 400 000-kva, 330-kv autotransformer. Va et 1935 r ‘ er t hye 


ranging from 325 to 380 mva. This meat near! i four-fold Fig. 5—Tap-changing-under-load equipment is included 


increase in 10 vear hese unit ire all f atvedl rene with this 100 000-kva, 330 /14.4-kyv, three-phase transformer 


formers. In the field of autotransformers two recor 
$100 OOO-kva units have already been sl} ipped A vic of the 
core-and-coil assembly of this 330-kv de svn hown in big. 3 
This tremendous increase in rating has necessitated rapid 
idvances in transformer technology. Fortunate! . these ad 
vances—in materials, processing, and design technique 


have been forthcoming. Corona-free insulation, involving the 











placement ol solid insulation paralle to equipotent i it 
faces, reduced internal clearance is well as eli ting 
corona. Oriented electrical steel provided a higher qualit im x 
material capable of handling higher flux densities, t] reduc : 
ing core weight while decreasing the core lo Directed-flow f 
high-volume forced-oil cooling, with it more etl ent eal “ 


transier, reduced copper require ment while decreasir ow Ne 
pot temperatures Finally, the shell form-fit desigy | 
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Fig. 6—Rallway portable trans- 
formers also are reaching new sizes. 
This is an 83 333-kva, 220/115/13.2 
kv, single-phase power transformer. 





ion line. These units brought 








Boulder Dam transmi 


the operating voltage to a new high of 287 kv. In 1946 expe 


; 


nenta!l units were huilt for use up to 500 ky and were inst ed 
it Brilliant, Ohio. These were part of an experimental extra 
hiv oltave installation involving transmission — line 

vitche breakers, and associated station equipment. The 


translormers were in active use for several year 
Nevertheless, as far as commercial installations in 

country were concerned, 287 kv remained the highest operat 

ing voltayve for 18 years. Finally, in 1953, the limit was raise 


to 330 kv when the first 330-kyv, 150-mva autotransforme 
vere built (hig. 4). A total of 12 of these units have been built 
ince that time. These autotransformers were followed b 
eries of generator transformers and transformers with tap- 
changing-under-load equipment (hig. 5). All in all more tha 
000 O00 kva of 330-kyv power transformers have been bu 
by Westinghouse 

Although the step to 330 kv was more spectacular, the 


ta init 


trend to higher voltaye on existing systems 1s | 
cant. Systems originally 69 kv are now being boosted to 11 
or 138 kv. Systems at 138 kv are being boosted to 230 ky. I 
yeneral, the larger blocks of powe! being venerated and tran 
ferred between systems have necessitated these increase 
operating voltage 

Reduced BI] L—One deterrent to increa ed operating voltage 
has been the increase in cost of terminal equipment, su: i 
transformers, with increase in operating voltage. The conti 
lation levels tor higher operat 


ing trend toward reduced insu 


Fig. 7—A bank of single-phase transformers with oilostatic ter 
mination chambers. These are 26 000-kva, 115-kv transformers 

























ing voltages has markedly decreased the cost differential in- 
volved. Reductions in BIL of one level in the range of 115 to 
161 kv and one and one-half levels of 230 kv and above are 
now common practice. Reductions of two BIL levels have 
pplied in those cases where system grounding and 
operating voltages permit. For example, most new 138-kv 
designs are now insulated for 550 kv BIL and several are in 
operation at 50 kv BIL. Similarly, most negotiations for 
new 230-ky transformers are for 825 BIL, while some are for 
750 BIL. This reduction in BIL level and its attendant reduc 

tion in cost has undoubtedly accelerated the trend to higher 
operating voltages 

Ihe trend toward lower BIL has been made possible by the 
) lightning-arrester characteristics 


contin 


\s a result, transformers with reduced BIL today can usually 


ied improvement 


1 with more protection against lightning surges 


hye provide 
than was possible 20 years ago with full BIL insulation. Re 
duced level insulation, especially two-step reduced insulation, 
doe require investigation ol possible low frequency system 
overvoltages. This establishes whether the proper arresters 
in be applied and whether sufficient margin in low-frequency 
trenygth 1s available 
{ u/olransformers—The use of autotransformers has been 
ncreasing steadily. Since only part of the through kva under 
yoes any transiormation, the size, weight, losses, impedan e, 
and cost are lower than that of a comparable two-winding 
transtorme! The Savings in Cost 1S most favorable where a 
minimum of taps are used. With the continued trend toward 
increased operating voltages, autotransformers are often used 
es between systems or portions of systems at different 


vollages When used as an interconnection between 


tran on lines at different voltage levels, the series 1m- 
pedance of the lines tends to compensate for the lower 
through impedance of the autotransformer. The 150 000-kva, 
$30-kv autotransformer in Fig. 4 is used as a tie between an 
existing 138-ky system and a new 330-kv system 


(nother application of autotransformers is to provide small 
differences in voltage in portions of an existing system. The 
100-mva unit in Fig. 3 represents an application of this type 

Vobile Transformer Paralleling the general increase in 


nsformer activity has been an increase in mobile or 


power-t! 
portable transformers. These fulfill a double purpose. Pri 
marily, they are used as standby units to permit regular main 
enance chedules on existing installations without loss of 
service At the same time these units serve as emergency 

pare case of field troubles 
Since mobile units are frequently moved over public high- 
their size and weight must be kept within specified 


imits. The same advances that have kept the size and weight 
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of ‘‘super”’ rated units within reasonable limits are used to the 
full extent in building larger and more effective mobile units 
today. One additional advantage of the shell form-fit design 
that favors its use on mobile units is that it can be mounted 
horizontally with bushings at each end. This greatly reduces 
the height of mobile units, permitting them to stay below crit 
ical overpass clearances on the highways 

\ new trend in mobile units is the railway portable power 
transformer. In this application the railway car is designed 
expressly lor the power transformer and its accessories. The 
unit can then be moved to different parts of a system by rail 
with minimum delay. One design of this type, shown in Fig. 6, 
is an 83 333-kva single-phase unit. Another design is a 
50 000-kva three-phase unit (Fig. 10). 

Oilostatic Cable Terminations —While oilostatic cable lines 
have been brought into power stations for some time, usually 
they have been terminated at some point separate from the 
equipment being fed. A new development is an oilostatic ter 
mination chamber for power transiormers In this arrange 
ment the transformer bushings are mounted in oil-filled pock 
ets on the side of the transformer. The bushings act as seals 
between the high-pressure cable oil and the low-pressure trans 
former oil, in addition to their normal function as winding 
terminations 

Several power transformers have been built with these oil- 
ostatic terminations. An installation of a bank of single-phase 
units is shown in Fig. 7. In this case both the 46- and 115-kv 


windings have oilostatic termination chambers 


Developments in Core-Form Transformers 
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CONNECTION Fig. 10—This is a three-phase, 50 000-kva, 132-kv railway portable transformer 








Fig. 11—Asled runner 
built into the base of 
a transformer enables 
easy movement if 


any of four directions 
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Fig. 12—A new bushing design for power transformers lor! I \ system require! 
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Fig. 1—Autovalve arrester operation can be seen 
from this cutaway view. Isolating gap sparks over 
when lightning surges occur. Autovalve block be 
comes a good conductor while discharging high 
lightning surges, but limits current at line voltage 
to values readily interrupted by the quench gaps. 


Fig. 2—In expulsion-type arrester, top series gap 
isolates arrester from the line, but sparks over 
when lightning surges occur. If a power-follow arc 
results, it is transferred from the original straight 
line sparkover path to the much longer helical 
path in the spiral filler. The resulting higher arc 
voltage limits power-follow current and forces 
current zero, interrupting power-follow current 
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Fig. 3 Enclosed fuse cutouts can be 
used for distribution-system equipment 
or circuit protection. Fuse link clamped 
under the lower knurled nut holds toggle 
mechanism in restraint. When the fuse 
link blows, toggle mechanism is released 
allowing door to drop open. This action 
is aided by the 20-degree angle from ver 

tical at which the cutout is mounted 
Enclosed cutouts are rated up to /800 
volts, with current-interrupting capaci 


ties up to 14000 amperes, symmetrical 
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Fig. 4. Open dropout cutouts (Type DX) 
can be applied for distribution system 
equipment or circuit protection plus dis 
connect or load-break applications up to 
15 000 volts. Its continuous-current rating 
is 100 amperes, with a 200-ampere dis 
connect-blade rating. The unit’s interrupt- 
ing capacity is 5000 amperes maximum. 
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Simplified one-line diagram of a typical! dis 
tribution circuit illustrates use of recios 
ers, sectionalizers, load-pickup switches 
fuse cutouts, and lightning arresters 


SUBSTATION 


me RECLOSER 
Ed 


Fig. 5—Automatic circuit reclosers, single phase and 
three-phase, are series-trip oil circuit reclosers designed 
to maintain power with minimum of outage time on a 
rural and suburban distribution system up to 15000 
volts. When an overload or short circuit occurs, the re 
closers instantly trip and automatically reclose after a 
short time interval. If the fault persists, this operation 
repeats until the recloser automatically locks open after 
the fourth trip. Maximum interrupting capacity of 
the 50-GR and 50GR-3 is 1200 amperes symmetrical 
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Fig. 6—Automatic circuit reclosers (Type 100-GR and 100-GR-3) are 
series-trip ou circuit reclosers designed for application on distribu 
tion systems up to 15 000 volts, 60 cycles. They have continuous-cur 
rent coil ratings ranging from 25 to 100 amperes, with a maximum 
interrupting capacity of 2500 amperes, symmetrical. The Type 100-GR 
iS a single-pole recioser while the 100-GR-3 is a three-pole recloser 
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OVCT a 1) It wi 1 open on temporat faults, revardless of curre 





ubject 








| Cl ct Lensive ise ol rectoser and ectionalizers doe not preclude the 
possil y ol permane faults and the possible need for intentional outage 
lor mal enance or cot ruction. In many instances. service is difticult to 





restore after an outage. Dilticulty occurs particularly when a large portion 
B | 





ol the connec ted load on heavily loaded circuits consists of automatically 





r conditioners, et 





controled equipment such as relrigerators, pumps, a 





lor example, on a distribution circuit having 100 refrigerators installed 






one-quarter of them probably will be operating at the same time Simul 
















taneou tal vill hye very inirequent Thus during norma! operation, 
randol equencing ol oper iting times ol the connected loads insures that 
OnLY a por mn of the total possible load is actually operating ata viven 
insta This dive y permits installation of distribution-circuit equipment 
| innot carry all the connected load operating simultaneously. How 
ever, when a given circu de-eneryized, diversity decreases and is almost 
omplete ost after 20 minutes. Loss of diversity and the fact that most 
electrical devices require irting currents higher than their continuou 
operating currents make it difficult to re-energize “cold” circuits without 
having the overcurrent protective devices operate Therefore, many circuits 
require manua ectionalizing to divide them Into parts that can be su 





























he load-pick i}) A Vv was ce veloped for 
ene! ) ticuitie ive been experienced or are anticipated | 
controlled by built-in voltage-sensitive elements that cause 
Col ) rT if eend ola elected time delay following toss ot circull 
) ive The \A chremau open during the remainder of an outage and re 
Close predetern ( me alter voltage reappears Hence oad-pit kup 
witch tutomatlica eclionalize a circuit into parts, which are sue 
ct ‘ reconmne ( vyhen the circuit 1s re-energized Proper application 
Fig. 7—Th - ( e 400-P is | ‘ | 
ig This three-pole recloser (Typ 0-PR) is v KCC) e maximum currents low enough to avoid operation ol the re 
designed for substation or line application on dis ; l : : 
closers or circulil brea I ind mM es anual SW ing “CESS ‘ | 
tribution systems up to 15 000 volts, 60 cycles with sean " , manual switching unnecessary. Field 
a maximum 6000-symmetrical-ampere interrupt CAXPCTICiee iS GCHIO ed automatic restoration of service to a cire 
ing capacity. For series or overcurrent tripping, that had pre yuslv required as long as tour hours to pi k up manua 
sc o > rat sri 25 rit , tin 6 4) oot ‘ | . 
continuous current coil ratings range from 25 to Tris eo ‘ witch controlled by an air-es ape timer ind 
400 amperes. Ground trip, shunt trip, or other re . : 
clo e delay obtained trom a socket-mounted, electrically heated 
lay protection schemes may be applied The re 
bimeta rip rela | r required control power is taken from a di) trib - 






closer can be frame mounted for substation 


applications, or pole mounted for line application 
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Fig. 8— Automatic line sectionalizers (Type GRS. are 
automatically tripped, single-pole oil switches, whict 
are tripped open by a fault-current counter operated 
by the opening and closing of the preceding recloser 
or reclosing circuit breaker. Tripout can be preset 
occur after either the third, second, or first opera 


tion. Sectionalizer contacts are tripped open only 
when the circuit has been opened by the preceding 
recloser, so that a fault interrupter is not required 
in the sectionalizer. Sectionalizers are available 
ratings from 5 to 40 amperes, 15 000 volts, witt 
momentary rating of 6500 amperes symmetrica 
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Fig. 9—Load-pickup switch is a 200-ampere, 15 000 
volt cold-load pickup switch, which automatically 
sheds and picks up load as a function of voltage and 
time. It also can be used as a 200-ampere load-break 
switch. The LP can be used as a single-pole device for 
crossarm or direct-pole mounting, or three poles car 
be channel mounted for three-phase use. It has 
a momentary rating of 6500 amperes symmetrica 
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Rebuilding Oil Circuit Breakers 


O. BONINE 


R. SELLERS 


in short-circuit current 
ve presented pOower-sy tem operators 
lem of matching circuit-breaker capacitic 
iirements. Fortunately, advances in interrupter 
together with liberal size of most older 
permit ubstantial up-rating by in 


trated recently by the modernization 
va to 10 000 mva of two 161-ky t 
ubstation connected to the TVA 
is done by the regular maintenance 
completed ob, with new operating 
d roller bearings throughout, demonstrated 


f the circuit breaker to open in three cycles and 


illy been installed some 12 
ervice. Revamping to 
major change replacement 
» tanks but the current transtorme! 
were welded into the tank to 
ires of the new rating. Bushings 
“()”? condenser bushing 
iring lever and linkage system, and pneumati 
were installed and a manhole 
| for convenient entrance 


y operation, timing, 
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Fig. 1—Simplified diagram of a circuit break 7500 mva rating. In these case ere 
4 er, showing the parts replaced (in color). rep iced, and except lor the { e breaker 
were revamped to ,s00 my) hie top | ( ere 
replaced In practh illy a ( ( 1~{ ( eral 
Advantages of Rebuilding mechanisms were replaced saeot yp i sale 
bv the heavier contact load { f Ice tert { ra 
Ire imping not only costs less than a new breaker of the reclosing time 
required capability, but requires less time because parts cat The relative costs of impr exist bre 
hye procured more qui kly than the entire breaker. Doing the pared to replacu t| ‘ r 
vork on the spot with available construction and maintenance trated the following tal ( eA ‘ ta 
personnéfalso provides excellent opportunities for training tion of new interrupter it erat 
Phe modern operating « haracteristics attained eliminate the mechanism. Case B require thie t { 1 re oOle-t 
problem of tinding a place where an old breaker can be re lever boxes a previousl le ‘ lition to the l 
installed without modification, and saves moving ¢ kpense required for Case A. Case ¢ to b, ¢ ept me re 
Chis program grew out of the rapid increase in TVA get placement bushings are req lt bta the require 
erating capacity during the past 20 years. This growth ha mechanical strength. (All cost re stated pel t ob me 
required almost continuous review of the adequacy of exi ting breaker cost of the required 
161-kv breakers. When their ratings are exceeded, four cor 
rective methods are investigated: (1) Install bus reactor 
) Revise line connections to permit split bu operation. (9 Case Case Cave 
Replace existing breakers with breakers of adequate rating . ad e 
) . ] 
+) Rebuild existing breakers to a suitable highe ri iting eee ee ene sn00 3500 3800 
Bus reactors have not been installed at any of the generat 
ny plants on account Of Cost, space, at d operating lactor Required breaker rating mva 5000 7500 10 000 
Split-bus operation is used in two of the steam generating 
plants where the duty is such that the largest available INSTALL NEW BREAKER OF REQUIRED RATING 


breaker at this time, 10000 mva, was not adequate. ‘Thi 
100 100 


New breaker cost f.o.b. site 1 00 
type of operation has disadvantages in flexibility 


Replac ement or rebuilding of breakers has been used « Install on existing foundation 0 04 6.03 0 03 
tensively \t present, a total of 357 breaker furnished | . j 
Nel Total installed cost 1.04 1.03 1.03 

three manufacturers, of the 161-kv class are installed in 20 
hydro and 6 steam plants Of the 113 breakers installed in the Net salvage value, replaced breaker 0 24 0 67 0&4 

hydro stations, 72 percent have been revamped to higher io 

| : | Total net cost 0.80 0.46 0.49 

Interrupting capacity, and 27 percent have been transterred 


from other stations where they were replaced with new breal IMPROVE EXISTING BREAKER TO REQUIRED RATING 
ers of increased rating. (There is some duplication in these 


Improvement parts cost f.o.! 0 34 0.38 0 66 


figures since a large part of the transferred breakers have had 


i , 5 C 1 > clit | ve | 
improvement parts installed.) In addition, a large number install parts 0 06 0 06 0 0 
have been transferred to step-down ubstation ~ Seaman amet d 


All of the 1500-mva and many of the 2500-mva breaker Total installed cost 0.39 0.44 0.71 






originally installed have beén improved to the 3500, 5000, or 







Some 161-kv oil circuit breakers before revamping 
Operating mechanism and housing were replaced, particular] ince it would be ( { ttof tiabyle 
manholes added, and new interrupters installed | 
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Load-Survey System 


A radically new system for load surveying o 

Cl transfers data from a recorder installed at the « 
ome! ervice to punched cards, eliminating any need for 
human interpretation and its risk of errors. The new systet 
arav upon ba rT technique of modern information handli 
o make the data yatheriny and the data proce ny Virtua 
in automat proc 

The new survey system was cde eloped to meet the need tor 


i reliable but highly accurate method of studying effects of 


increasing residential loads on utility systems. Current fore 


cast ndicate averave residential loads are to double ! 
the next ten yvear \ use ol electric heating, air condition 
ind other domestic electrical equipment increase Utilitie 


require more timely and accurate data to foresee the effect 


on system load curve This new load-survey ystem 


tended to furnish this data 

\ complete survey sy tem include a compact recorder tha 
transcribes load and time quantities as impulses on magnet 
tape, a translator that interprets these impulses as demand 
value and a summary card-punching machine uch a 


IBM Lyyn 6) to transcribe the demand values to standard 





The lightning protection afforded by a properly grounded steel 
building is well understood by engineers and others familiar with 
electrical phenomena. Unfortunately, most prospects for small 
steel buildings, designed for use on farms and in rural areas, 
are not electrical engineers. To offset the often heard belief 

steel buildings attract lightning " the Armco Steel 
Corporation demonstrated the safety of their all-stee!l buildings 
in the Westinghouse high-voltage laboratory. In the test shown 
above, the building was filled with hay, and ‘‘struck”’ with light 
ning. In another demonstration, a man stood in the building 
Both hay and man came through the tests unscratched. (inci 
dentally, the man was an electrical engineer.) 


190 








This compact magnetic- 
tape recorder installed at 
the customer's service rec- 
ords demand data as load 
and time impulses on stand 





ard reusable magnetic tape 





ira since a lunctions ¢ Kcept data yvathering are conce! 
trated in the translator and the card punch machine, which 
are central-office equipment, the recorder is. sufficiently 


mple, rugged, and compact for field installation withou 


terference with normal metering 

At the customer’s service, the recorder unit records time 

d load impulses on standard 600-foot lengths of dual-track 
maynetl Lape \t a recording speed of 7] } ine hes per hour, 
tandard tape lengths permit a 32-day survey run without 
attention to the device (Jutaves will be indi ated by a ClO“ k. 


ind neon lamps are used to give a visual indication that im- 


pulses are being recorded 
The recorder will be made in three forms: (1) a socket 
pe unif containing a 15- or 30-ampere Type DS meter; (2 
ocket pe unit with provision for retaining the customer 


original meter in service; and (3) a separately housed recorder 


unit for connection by cable to 3-wire, 120/240-volt ‘‘A”’ 


After the survey has been run and the tape is brought to 
i central location for play-back, the translator unit totals 
ind converts time and load impulses into demand values 
Papes are processed at 3%4 inches per second when 15-minute 
demand intervals are desired, or at 7!5 Ips for 40- or 60 
minute demand intervals \ 32"day. O00-Loot tape can be 
iccordingly, in 35 minutes or 18 minute 
rom the translator, plug-in connectors carry demand val 
to the card-punch machine, where survey data 1s 
punched on cards that have been pre punched with other 
pertinent irvey iInlormation, suc h as survey number, cus 
tomer identification, day, period of day, date and month, and 


e demand multiplier. Pre-punching is performed by a con 


rol unit that processes 40 cards per minute alter one card 1s 
punched manually 

\fter demand values are punched each completed card 
then bears all significant data for a definite survey period 
Since each card accommodates 16 demand intervals, one card 

idequat for a four-hour survey period when the demand 
interva 15 minutes. At this interval, 2880 individual de 
mand readings taken during a one-month survey run can be 
contained in 180 cards 

Though the format of cards to be used will be determined 
by the requ 


been ce med by Westinghouse for general use When pro 


rements ot the survey, a representative card has 


cessed, demand values are automatically printed as numerals 


for each of the 16 demand intervals. In the center of the card, 
printed numerals and punches show the full date, the day, 
he period, identification of the survey and the customer, and 


he demand constant. e 
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“Big Maggie’’ Has Good Eyes 


a The most powertu S| pbor e radar set ever put In service 
is been installed on the cruiser .Vorthampton, a Na CO 
mand vesse lor directing the lirepowe! a task force At the 
neart ol this most powerlu radar set 1S a magnetro nick 


named Big Mavyvie,” this tube de vers to the radar ante 





the powerlu P ses ol r-l energy needed to sear 0 enel 
planes over 400 miles awa \t peak power, “Big Maggie 
rat er over tenn on watts 
Operation Ma rie started in 1947 whe e Na lore 
seeing the imminent need tor long-r ingve radar in tleet and 
home-based operations, sponsored the tube deve opment 
The vod WaS a maynetron with a power Capac tv al east 
ten times that ol existing Wor dl VW il I] mayvnetro! 
Sines radar ranyve 1s proportiona to the tlourth root of the 
erage radiated power, a substantial increase required to 
, , : mee ; ; A large electromagnet with split pole pieces supplies a powerful 
produce a signilicant increase in range OF example, fa dees magnetic field, which together with electric fields inside the tube 
power musl be increased sixteen times to double effe ( interact upon electrons emitted from the cathode to produce the 
radar range The transmitted radar signal consists of 1uUISé ultra-high-frequency signal in this ten-million-watt magnetron 
ol r-l energy Phe duration of eacl pulse } determined by 
the minimum detection distance. EKacl] pulse is to owed by a 
much longer empty period This period is detern ned by the 93 mevawatts at 60 000 vi ' ( ire 
maximum detection distance. Hence average powel could converted b the mayne 
be increased only by very large increases in pulse power be frequency energy for radar | I ‘ ‘ 
yond conventional levels. To further complicate matter the evaluating the new tube wv I orect re I ‘co 
inherent build up time of the electro-magnetic field in. the derable et neering elle 
tubs had to be decreased vell below conventiona Value il \l il new technolovica i 
the operating Trequency while Still maintaining the required proc es Ol Major propor ‘ ( ) 
stab ly and ethciency hie int mayvnetron tet ( ( lar ( 
[his meant that enyineers had to undertake con iderable livht bra inv ol ta ( r ( 
ploneering work to come up with a maynetron ¢ ipable ol metal-ceral ( i mie ( ( | 
generating the long pulses of extremely high power required have mace practical a bye | ( | ‘ 
a ten millionth of a second 1s a long time to handle over 10 lar in exce ol anytl i euro pelrore 
million watts—in a volume about the size of a footba After successful laborator 19 ig M rhe 
The complete tube alone weighs only about 60 pound | if issociated equipment lor ince te ‘ 
permanent magnet weighs some 300 pounds port of Boston. First t ( ( ) lor 
The new magnetron operates as a sealed oscillator, em tance-scanning; radar oper i | J ree 
ploying water and mild forced-air cooling. No pressurizing aboard a warship were rise ens to 
or auxiliary gas insulation is needed Ou they could observe au ( { 7 
An accomplishment in itself is the power supply for the York Cuil La Giuardia <A ( ( 
magnetron It must supply peak Inpul power pulse of about ruyved cod i) Lerrain ol » 
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1955-1956 issues. If this is your 
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per year) to the address below and 
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cents each, additional. 

2. Or, a complete bound volume can be 
provided, containing the issues for 1955 
1956 for $6.00. 
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New Powerful Mobile Radar 
to Strengthen Defense Networks 
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This revolutionary radar antenna, developed 
for the Air Force by Westinghouse, is literally 
blown up like a balloon. Called a Para- 
balloon antenna, the unit is extremely light- 
weight and sectionalized. It can be assembled 
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or dismantled by a crew of nine in several 
hours, packed in a few cases weighing only 
200 pounds each, and air-dropped into tacti- 
€al areas for the detection of enemy aircraft. 
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